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Sorption and Transport of Antibiotic Resistance Bacteria in Manured Upland Soils

ZHAO Haifan, TANG Xiangyu', CHENG Jianhua, CHEN Zhaoji

(National Laboratory for Development and Ultilization of Forest Food Resources, College of Forestry and Biotechnology,
Zhejiang A & F University, Hangzhou 311300, China)

Abstract: In this study, batch and reconstructed soil column experiments were conducted to examine the sorption and
transference of antibiotic resistance bacteria (ARB) in three different soils (red soil, yellow soil, and calcareous soil) with
long-term application of pig or chicken manure, which exhibited contrasting properties. It was found that the Freundlich model
was fitted satisfactorily to isothermal sorption process of ARB in all experimental soils, with the sorption capacity (Kg) being
higher in soils amended by chicken manure than amended by pig manure. As a biocolloid, ARB transferred faster in the soils than
water. Breakthrough recoveries of ARB in different soils followed the order of yellow soil > red soil > calcareous soil, with soil
texture exerting the greatest impact. In yellow and red soils, greater ARB transferring occurred under pig manure amendment than
under chicken manure amendment; however, an opposite difference was observed in calcareous soil. At the leaching stage, a
significant transferring of ARB was also evidenced, which was more significant in soils amended by pig manure than amended by
chicken manure. In conclusion, ARB transferring in soil is affected by both soil properties and manure type.

Key words: Soil; Manure; Antibiotic resistance bacteria; Sorption; Transfer
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BAPERIE A L R/ANFITEAR | A FRRZS | AR 1)
DA FCABFR I R 7 (0 pHL, B T3 | SR IS PR
FEAM i I RE 5 . 25 4R o TR AR e R
JE, [N 2 b R R o )
JEUPH 2 AR S0 P 2503 SR BRAL PR, T
SEMRBUE R T TR . K S
ZEREAMIT, S PG RS AT B e fin —E R P B (AN
PSR &t XA RE B 5 SR WS & i
PHES TAcHutet | R B URI BHO7 A5, TS M40 T )
R, [a]—Fof - S B AR [RIAR 4512 T T R
e S NG [0 AN 7N TR 1 ) 0 s M NI Evl e O e
FREF7E SRS T IR AR 1 S A AT
FEFULL, AR DA ZE AR S 2 FRg 2
(4 3 Fh LI LD R R B N, Sl
TR AR, DF5E AR R P B IR 5
TRATH, BRI RO, L i
A FR R PR XS PG R B S

1 #REFE

1.1 KK E5EE
JERAE 11 W I B B A AN ) 23500

Ao 4 PPUE R (e AR E . BRJEE . iRy
TR BRI A g e AR A R A F] .
I 7K A TC R AtK .

I AL S 32 A 5 A3 O EE T (b 5 i
AR A FRTAE A A . PRz a (B —TE R AU 8
HIRAF). pH @i+ Mettler-Toledo A F]). H
T RAL OB 22 7 AR BR A F]) . GO B
B2 53 M4 (Zetasizer Nano ZS90, FE[E T /R LA A .
BN (PR Z AR A A PR A F) . 4 B3l
LRGPP ANES T AR A FD L (RN
LI ARAR) . SRR KESR (LR LR
Sl ).

1.2 gkt

A 1 58 B H W VLA BTN T I 2 X (LA) Y BT
5 RN TR B (KH) A9 A K A DL R 4 2T 243 X
(WO)RYLLHE, X TR Ah R HERAL, RH 2 LR
K43t S 2 (CM) RS 25 (PM) I SR e FHE, 7E
YA R 5 SBREEREMZO ~ 20 cm)+
HE, HIRARE, WT)Ed 2 mm §i, T8k
LIS TN ) B | 2 v L g A9
IR A Y S AR PR AR LR 1

F1 il HEMEA MR

Table | Physicochemical properties of experimental soils

THE CRERHA BIERW S pH LIRS HLA3 R KA 2 K Zeta MM 1 (2/g)

W R (g/kg) (nS/cm) (g/ke) (g/kg) BLmV) g oWk BRRC
LA-CM  biliIlfZ w3k 781 50.22 94.83 3.66 0.39 -11.10 047 030 023
WC-CM Mgk a4 gd¢ 557 22.23 63.75 1.32 0.99 -3.97 0.10 048 042
KH-CM M fE AKE xBFE 583 18.81 82.35 1.15 2.77 -12.53 030 042 028
LA-PM  BUMIIG%E B K3 6.89 33.12 56.33 2.28 0.64 -11.00 035 040 025
WC-PM  GHEZE 43 ¥ 645 24.08 120.90 1.42 0.60 -4.15 0.18 044 038
KH-PM NI AKE ¥ 516 19.88 103.35 1.18 2.28 -11.05 034 037 029

T R LKAy <10 pm B0k, G Stoke AZCRJIULRERESRH, FIJHARORLEE AL BT AN E 1 Zeta FUAL; HUARALAT,

BPRE 2 ~0.02 mm, #PRL 0.02 ~0.002 mm, ZhHL <0.002 mm,

1.3 MAZEMUERERNEE

1) LB B35 5. FREX 10 g S A . 5 g Befkde
B 10 g Ak, HHE4iKERE 1000 mL, H
5 mol/L E A ALNET pH £ 7.0, £ 121 CHJERR
K 20 min,

2) TIERERRAYEE IR OB 3 A REEHLE A 6 Rt
HIEEREIR G, W AR KRN 0.6 g/g,
25CHAMF FHREFE 2 JA, T3P AnEE . R
TREFR RS, IMAKEKOK L 9 ¢ 1), &
TG TIRG, B2 HERR S0 RIEH
B Z/D 30 min, FRHLEE; FHE 1 10 AYELH,

W IR 2 LB BRdth B RIR L #E 37 C.
120 r/min F&fF R, DAITIERAS - HEAH TR B

3) THEMEUAERENIES . 2% LG
S FARE YIS (CLST) A Fae/ M B v B (MIC ) $iis
VI PR 2 54T 4 png/mL B L |
8 ng/mL 3& HJE5Z . 10 pg/mL BV B A 16 pg/mL i
REF R LB ik, & THRIK L, 737 C.
120 r/min HIZF FH3% 96 h, AWK S RIPA
FME R o KR U5 5 T A5 1) TR AR R A T R RE 1Y)
a0 8L INDNTITE IR =5\ 8 [N E /I RA B Y (K il P 1A o
F TP TR P A L B R LI 1
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1 mERMMEEREEERERRE
Fig. 1 Scanning electron microscopy image of antibiotic resistance
bacteria

1.4 #L2FERMHHAIE

I B 200 PR 7 25 LA S5 e %) e R LI
FREAH AR . ey | BUKAHEAER . BT
T3 R R A ) 0 DA E 22 LA 5T A R B R A
FA RV A gE T A vk S R R R 56 1
FEAG Ty BRI 1 g R HEORL B0 A T, e
A 30 mL 10 mmol/L CaCl, ¥, £ 25 °C. 120 r/min
TR 10 min, FJS7E 4 °C . 2000 x g FE.C> 10 min
o, 82 WG FINA 40 mL KFEK, EE R
P, RBIALEE I A SR, TESTIAL S 1A
R AT LR 2 0.0.2,0.4. 0.8, 1.2 Fl 1.6 abs
(WO BT AE R PER AW (10 mmol/L CaCly)
30 mL, BAREER 3 A PATHE, 75 25 °C. 120 r/min
TR 2 h KBS RO A RN S mL
60% FRERE B, PHJGTE 4 CTHHFEDIIE 24 h,
QR 5= SR D= 7108 e i Y9
1.5 THZFERK

B il AR L 22 121 CR R ZEVRK
20 min, FHEEEAZE BTG E TAEG i T,

A R RO BT (AR S em.,
i 10 cm) . BESI A4 H SR WA AR A . TEBE I
e A e 13, RIRE | om, REEESCHIE,
71k Rk FE AN S BN (FLAE 20 pm)
YRR, H B2 1 em JBERAEPORR 75 ~
300 um), VIGUIESEKISIAS, ARDEZ Fk
— ik Je e i (FLAE 20 pm). EAETIE LRI —ik e
Jefi, HEA—2 1 om BERARED . A HHE
FEHILE 1.35 glem’ 47, 5 R MR FBHEZ + 48552
PR B AR

TR R, 7R A I R AR SR AT Ak
B opoe, W ERCEREE I AT LK, hFE L

TR, AR 24 hy SRS, AR T omLL 817.7 uL/min
(FH24F 25 mnvh; 52 DA RN oK i 16 mm
FRIREFR 8 BT EA 5 DM FLBAFU(PV) B JCH
gliZk, il A IR B S A2 T, IR
feE H 5 #EKEM Y.

TR - 7] A P AGUAE R R R, BERR
0.42 PV(Z 49 min)Yi 5 1 43 HKEE  RTEL M6t
FETHM KRR OB , RIS AR BRI, &
PR K TR TR R BETE 4 ~ 5 PV I 3K B AR 5 B 5 37F
KU M TCR HEAiK, ASTE 8 PV ZE47 1), sk
AP T PR . PRIE, 7R IECRER T, 1 M K
VERFE 2 10 PV, LABAPRBTA: FR M 1 78 40 BT

EAGRES : [FREAE KM AR T T, A 2
BB QA Rk AN B Bk bl o4t
R ERGE A 1x10° CFU/mL 4 it
F10.5 mmol/L i) Br'), LA 25 mm/h A 54 PV; @
A R LR RGE I B K Y04 Inl Je a4tk
PL 25 mmvh A 5 A PV, HIER A A4 FR 48.95 min
WA HKEE, BB IR 24 NUKEE. St
AR K BB T PR R B . Br W L Ry
HA%. Zeta ifii, DOC ¥ . pH FIHL 33, FHrfr,
PR B pH M 8.5, FLSR N 2.41 mS/em,
Ypkift 1 1060.47 nm, Zeta HL{vi H—28.0 mV., It4h,
FHIE YA 78 Sl 5, PR UEIE A 2B K 06 1 2R IS A5 1
T,

1.6 MEMBEA%

P Z it R A e B ODgoo fE(600 nm % KAk
AR ) A . S oA B R A 5 OB (E Y
SR 56 FR 4y O T S B A 2R R R T 1Y)
& o — B FH PR TS A5 ) B AR A RV PR VR
$(CFU/mL) 5 28 4b— ] WL 43 506 BE 1145 14 1
{E(ODgoo, abs), HHIARMPEREE S ODg
PR ™ AT I A b il 26 1P R AR N
0.993 4.

133 pH FIHLF3R(EC): FREL S g i 2 mm i +
RS, ETEOE T, A 25 mL #EEKOK 5T
s 1), BTG4 TE 180 r/min N4 30 min,
#E 30 min S5, (] pH RIS 204 BN E
T pH I EC. + 584 2R F STk B4R R 1 (pH
<6.5)ME , A HLEKFR ] i Ah P 5% R 4 A1k —
A S N A, AR R IS —BH B T L 8 vk D
T, AR HLIGE ZE R, SR MEERR
AR P L ikl e, - LA AL iR FH T
et
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JKEEH Br VR IR B U 1T (Bante931,
VR, PR3 BRI Zeta HLOfH FHANK
7 L AT 2, DOC kB FH TOC S5 BLAs
LAY (multi N/C 2100, [ HS A2 20 7 )il <
pH 1 EC 435 ] pH HH1EE S R0 & .

1.7 HELEBEHH

K Freundlich #5580 RI 2R P AR X5} AS [6) R 470
A ZR T 1 TR A A A v 1) SR IR B AR A T

Freundlich A5 7Y FH ok i A8 W5z 56 Jo 76 W B 501
RVEM B G , JE—Fh 2RISR . AR 5 o
ATE S B R T L2 22 2Bt Freundlich A#Y AT ]
H(DHFER.

q. = KeC." )
e g AT 4 AR 2R A A0
(abs/g); C. J& V-7 B 7K AH v (4 0 A 2Rk o o
(abs/L);  Kp W45t 550 n ZRAIIME,

R MEASE IR FH SRl A W o S T YRR 22 T ek
SR, AT HQ)FER.

q. = K4C, (2)
s Ko RbrAE R v A 2 BE R EU(L/g) o

25l A KT AR I T RO EERI (B, dE
BRI, 7 8 1 7K 43 ) B AR VR B (R K
W C 5t KWRIE Co 2 H)BEUEK PV B2 1k i 5
Bk, A EERE PR R R L Br
B 2538 R (K P A BT R S Kk g BT AR
Z ), HEOR R R 3 2 1) B A 2 A G
HEL PV R £ 57

ffi F Excel 2021 HEXF BG4 b3, i
Origin 2023b AR50 HUHE A TR AU & LA SR G
P b, FHERL,

2 GR5WH

2.1 TEFHRAE R EN SR RS

AN T (3648 45 v A 28T T 50RO A 784 4
BB RNFE 2, Freundlich FEAI%F Fr A (i 4 15
rhT A R RS A A LA R ) KL (R 7E 0.800 ~
0.992), AF W EH B B E KT BRI FHAE S
ZIARAN , LA AL X I I 1 e A R R AR
P EAT R LA ROR (R 1F 0.691 ~ 0.989), iK%
FKN-o X T A MR A%, Freundlich &AL
SRS T LR AR A

X F Rl —ZE A, B AR R AR AN [R] -3
AW Ke (ER/INIBF 3R B> K H>4148, B
LI Ke (EXIE /N T A 2 Fp - 82580, X))

— Y, R XS 2 R K (A TR
W3S+, Cayei PRI, H3EAYH HLK
2 R LA R X, i g 3 i
BN, Yost ZEPUBRS LRI, AR S AR H 1
SEATHLBR AN A P A e e i, (HRRAR T ik
R , XSRS FENT T 1 B T A G A T AT g 2
FECKe 2R . St AL A L, it
JIES ek G A 144 0K 1 pHL R R I, LA FH S 26 5
L 14 3 Ay PO ., T P P ) 2 S 583 R 1 1 i
pH A AIRIFREE A, DA RS 3T 5 R ) T i A
K, M XS AER B K i TR RIS i e, T
AEFEEHRTHE R pHCER S I . X T2
/55 RR L At P 2 NE LR K -, it S 26 1
K 55 i 1 4 26 1 38 0 AT R 5 0 5 i & B i Ay
PUBR & A G WL, By pH R AR B9 A HLR
A AT LR HUAR SRR T AT, L pH R
EA PN

*2 TJ’:EFHﬁﬂﬂiﬁéqﬂ?ﬁiiﬁﬁ?‘l‘i%%iﬁﬂﬁﬁﬁﬂﬁwé

Table 2 Model parameters fitted to isothermal sorption processes of
antibiotic resistance bacteria in manured soils

44 Freundlich %74 LR AL
K¢ 1/n R? Ky R?
LA-CM 190 0.12 0.992" 1.97 0.989"
WC-CM 028 042 0.892" 0.29 0.800"
KH-CM  0.88 041 0.807" 0.72 0.691"
LA-PM  1.81 096 0.989™ 1.86 0.988"
WC-PM 024  0.12 0.992" 0.14 0.382
KH-PM  0.76  0.53 0.800" 0.72 0.691"

. *EIRTE P<0.05 KF LR, **3FR P<0.01 KF L
[T

22 THAREEZMEEHNIEIBITAH

B T, Br AA: 2 R A 2 il
LRUNE 2 PR 5 A K bR F R I S8
R PEPE T L2 3 Mgk 4; PLA R R FERS +
BRI T AR SCHE IR 3 T

XA AR 4, AR (0.42 PV) K HdiT
e ZE TR TR B R R S (C/Co) 24 T Br (B itk K 437
B, DA ZEH 1 B A X DA (L Conan/ Co) O HH BRLAL
KRTF Bro nlhL, PrEREmrE RGeS K o S P 2
B U, AR B, MR AR R
TR ARG R ERR A A T AR R B ek 4324,

X F A A (GRS 2 B AL ), A
1391042 PV)H/KHY Zeta HLAL(ZEXNHE) ¥ KiERE T
PuA: Z R A K, SRR ARV E R R 7]
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Fig. 2 Breakthrough curves of Br and antibiotic resistance bacteria in saturated soil column experiments
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Jox, T T 5 Vi) 48 T A - 9 v i I BT 5 RS . B
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Table 3 Transfer parameters of antibiotic resistance bacteria in
saturated soil column experiments

13 E 2 Br- BiA: F P

LA-CM  0.42 PV [ C/C, 0.03 0.13
Cnarx/Co(PV %57) 0.88(5.00) 0.54(3.75)

FIER 0.93 0.79

WC-CM  0.42 PV i C/C, 0.03 0.16
Cinax/Co(PV %0) 0.77(5.00) 0.51(3.75)

FER 0.74 0.77

KH-CM  0.42 PV i C/C, 0.04 0.10
Crax/Co(PV %0) 0.71(5.00) 0.74(2.92)

FIER 0.67 0.76

LA-PM  0.42 PV 1) C/Cy 0.01 0.23
Cana/Co(PV %0) 0.77(5.42) 0.60(3.33)

RS 0.69 0.93

WC-PM  0.42 PV [l C/Cy 0.02 0.18
Cinax/Co(PV %) 0.79(3.75) 0.68(2.92)

FER 0.77 0.93

KH-PM 042 PV [y C/C, 0.02 0.09
Cana/Co(PV %0) 0.76(6.25) 0.31(2.08)

RS 0.71 0.51

ANVE S it FH RS 255 2 A Wit P A% 2%, AN [m] +
HEA Z [ A: R R R 28 i R Y 22 R IR ILh -
ge>er >R £, DAWCRTRE T Ao ) B T i AR
BRI P 2 3 R ey o X R W IR R X BT AE R
TP B R e I B B D A — 8 BUIRZR B R . 2L
AR AR 2 N s S S S M A TR AR RS, B R, K
FLBBR 22 | A0 55 40 o R0 3 T Alf 43 -9l W B R AL 25
/D DT SO TR T Yy A il TS . Bradford
1 Bettahar? 15 Gargiulo Z:P A5 ¥ %00 , 4B 1E
FHLA o v 0 v B LU AR A B rh /b 7 3 e a4 4
H, BERADRL A RS . BB RN, R
FITHeAE R POvE R R ALBR UL SE T o T AT KRR
HR SR AR AT R B, DAt A 2 0 A K + -4 AE
H1391(0.42 PV) HKAE FpF S A/, AL, P2k
KR 0 25 R R AL X ZE R, BiAER
TP T A - S AR 4 H fr g B b (LA 2
JR0) R A 1 FLL B85 R R AE X BT A 2R T 1 TR 2 R 5
M ] 6 Lb - 3RS0k 7 WA o B8 7 B K

FEALE A S5 AR R PR R AE I TR Y
WAV BE RN ZR 58 P 2R R, ZEIIEY 0 AF

&4 IEFEHETERE KPR E IR R

Table 4 Physical properties of antibiotic resistance bacteria in outflow samples of saturated soil column experiments

14 TKEE Bt A F AP T 100 W B
Zeta HL i/ (mV) TR FE((um-cm)/(V-s)) SE-HPRLARE (nm) AN €Y
LA-CM 0.42 PV 7K#E -13.43 -1.05 1130.67 0.31
Cinax/Co KFE -16.23 -1.27 1258.67 0.37
10 PV /K#E -20.93 -1.64 964.20 0.53
WC-CM 0.42 PV Kkt -13.77 -1.08 516.50 0.59
Conan/Co IKFE -5.05 -0.40 1393.00 0.49
10 PV KA -30.20 -2.37 702.57 0.51
KH-CM 0.42 PV Kkt -16.87 -1.32 866.30 0.89
Conan/Co IKFE -4.55 -0.36 1 440.00 0.97
10 PV 7KEE -13.43 -1.05 629.13 0.85
LA-PM 0.42 PV 7Kkt -11.60 -0.91 753.90 0.72
Cinax/Co K FE -3.00 -0.24 1 354.00 0.48
10 PV /K #E -10.00 -0.93 275.50 0.37
WC-PM 0.42 PV JKHE -13.23 -1.04 814.30 0.87
Cinax/Co KFE -3.82 -0.30 1239.67 0.64
10 PV KHE -23.40 -1.83 667.17 0.85
KH-PM 0.42 PV JKHE -17.40 -1.36 383.13 0.56
Cinax/Co KFE -1.93 -0.15 1213.67 0.37
10 PV KHE -18.90 -1.48 321.97 0.42
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Fig. 3 Results of correlation analysis
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